Abstract Hereditary breast cancers have unique clinicopathological characteristics. Therefore, the objective of this study was to establish the relationship between self-reported family history of cancer and clinicopathological features in breast cancer patients from Washington, DC. Data on incident breast cancer cases from 2000 to 2010 were obtained from the Washington, DC Cancer Registry. Variables such as estrogen (ER), progesterone (PR), and human epidermal growth factor 2 (HER2) receptor status, as well as stage and grade, were analyzed in those that self-reported with (n=1,734) and without a family history of cancer (n=1,712). The breast cancer molecular subtypes were compared when ER, PR, and HER2 statuses were available. Furthermore, tumor characteristics were compared by race/ethnicity. Regression and chi-square analyses were performed. A report of family history was associated with age (OR = 1.27 95 % CI: 1.09-1.48; p< 0.0001), high grade tumors (OR = 1.29 95 % CI: 1.05-1.58; p=0.02), and having ER and PR negative breast cancer (OR=1.26 95 % CI: 1.02-1.57; p=0.029). When tumor characteristics were compared by race/ethnicity, those that self-reported as African American with a family history had a higher frequency of ER negative tumors (OR=1.51 95 % CI: 1.09-2.08; p= 0.008), PR negative tumors (OR=1.46 95 % CI: 1.09-1.94; p=0.028), grade 3 tumors (OR=1.42 95 % CI: 1.05-1.93; p<0.0001), and ER/PR negative tumors (OR=1.5 95 % CI: 1.088-2.064; p=0.01). These results suggest that a positive family history of cancer in African Americans should increase suspicions of hereditary cancer. Therefore, behavioral risk reduction activities, such as collecting a family history, may reduce late stage diagnosis and cancer mortality.
Introduction
The District of Columbia (DC) has the highest age-adjusted cancer mortality rate in the United States. According to the most recent cancer, 128.3 per 100,000 women were diagnosed with breast cancer between 2005 and 2009 in DC, and the city ranked 3rd overall in cancer mortality in the United States. Moreover, the city leads the nation in colorectal (23.3 per 100,000), prostate (41.3 per 100,000), breast (28.0 per 100,000), and pancreatic (16.3 per 100,000) cancer deaths. Of interest herein, the breast cancer incidence rate for women under the age of 50 in DC is one of the highest and surpasses the national average. Remarkably, one of the risk factors for hereditary or familial breast cancer is young age (50 or younger) at onset.
Another major risk factor for cancer and for familial cancer is history of a first-degree relative with breast cancer or a family history of cancer. Specifically, family history collection aims to identify the risk of selected single gene disorders for the purpose of offering appropriate specialist referral and management. Identifying individuals with a strong family history of cancer, providing genetic counseling, and testing as appropriate can provide patients with the tools necessary to reduce their risk of cancer in various ways. The family health history is one of the most powerful, but historically underutilized tools that helps to accurately predict breast cancer risk. Therefore, the collection of family health history, particularly as it relates to cancers, represents a valuable public health tool to assist individuals and their primary care providers (PCP) in accurately assessing risk and developing care plans accordingly.
For breast cancer, there is a two to threefold increased risk of breast cancer when at least one first-degree relative or two firstdegree relatives have been affected with cancer (Butterworth 2007) . The risk is substantially higher when family members are young (50 or younger) or premenopausal. Diagnosis of cancer at a younger age also increases suspicion that there is a hereditary BRCA1 or BRCA2 mutations in the family. Around 5-10 % of all breast cancers are associated with inherited mutations in BRCA1 and BRCA2. Individuals with mutations in BRCA1 and BRCA2 face the significant risks for breast cancer, 45-65 % by age 70, in addition to other cancers.
Notably, BRCA1 tumors appear to exhibit unique molecular characteristics, and recent studies indicate that triple negative or basal-like tumors are the most common subtypes exhibited by BRCA1 mutation carriers (Atchley et al. 2008; Lynch et al. 1998) . The aggressive, triple negative molecular subtype is characterized by estrogen receptor (ER) negativity, progesterone receptor (PR) negativity, and human epidermal growth factor 2 (HER2) negativity and is associated with poor prognosis, unresponsiveness to typical endocrine therapy, and shortened survival. Women diagnosed with triple negative breast cancer also typically present at a younger age and with higher grade tumors.
Therefore, the objective of this study was to establish the relationship between self-reported family history of cancer and clinicopathological features in breast cancer patients from Washington, DC. A secondary aim is to determine if the characteristics were different by race/ethnicity. This study will provide further evidence that collection of family health history and tumor specific features can help us identify patients at risk for hereditary cancers. This study also highlights that family history is poorly collected because it is undervalued as genetic marker of breast cancer predisposition.
Materials and methods
This study was based on data formally requested from the DC Department of Health (DCDOH) Cancer Registry and was approved by the DC Department of Health Internal Review Board; therefore experiments comply with the current laws of the US. Mandated under existing laws, the DC Cancer Registry (DCCR) collects, maintains, and reports cancer incidence on all cancers diagnosed and/or treated in DC and tracks information regarding malignant cancers and certain benign tumors gathered from hospitals, laboratories, and other reporting agencies in DC. One of the variables, family history, relative with cancer, and type of cancer, is abstracted by the tumor registrar from physicians' notes and entered into the registry. DCDOH has also entered into reciprocal exchange agreements for cancer information with its neighboring states to capture all occurrences of cancer among DC residents. The DCCR is one of the DCDOH's most successful surveillance programs. Collected data elements are subjected to stringent protocols of completeness, accuracy, and timeliness. Since 1997, DCCR data has been carefully reviewed by the North American Association of Central Cancer Registries (NAAC CR) and the National Program of Cancer Registries (NPCR).
Eligibility criteria for the current study included all histologically confirmed malignant breast cancers in Washington, DC diagnosed between 2000 and 2010. All benign and stage 0 cases were excluded. Patients with duplicate records and multiple diagnoses were consolidated and coded as recurrences. Demographic variables (i.e., age at diagnosis, gender), tumor characteristics (i.e., size, stage, grade), treatment (i.e., surgery, radiation, chemotherapy, hormonal therapy), and socioeconomic variables (i.e., race, ward, marital status) were obtained from the cancer registry. Washington, DC is geographically divided into eight residential wards. Indicators of socioeconomic status and racial/ethnic diversity differ by ward (Fig. 1) . Therefore, for this study, Ward was used as a proxy for socioeconomic status. In Ward 3, 77 % of residents are non-Hispanic EAs; the median income for these residents is >$97,000 per year with approximately 2 % of these residents living below the Federal Poverty Level. By contrast, in Ward 8, 93 % of the residents or more are AAs; their median income is less than $31,000 per year and more than 32 % of its residents live below the Federal Poverty Level (Price et al. 2012) . Therefore, zip codes were categorized into Wards and Wards were stratified into two groups, namely Wards 7 and 8, which was compared to the group that included patients from Wards 1-6; 78.9 % of cases were located in wards 1 through 6.
Additionally hormone receptor (ER and PR) status and HER2/neu status were analyzed independently and together to determine the molecular subtype. ER and PR status was determined by immunohistochemistry, and HER2 was determined by fluorescence in situ hybridization (FISH). For this study, tumors that were ER and/or PR positive and HER2 negative were coded as luminal A; tumors that were ER and/or PR positive and HER2 positive were coded as luminal B; tumors that were ER and/or PR negative and HER2 positive were coded as HER2 overexpressing/amplified; and tumors negative for ER, PR, and HER2 were coded as triple negative.
A t test was performed to detect age differences between individuals who reported a family history compared to those who did not report a family history. To determine the association between categorical variables, bivariate or multivariate analysis was done using the χ 2 test or Fisher's exact test when appropriate (report of family history vs. race/ethnicity, ER, PR, HER2, molecular breast cancer subtype, grade, and age). The association between family health history and categorical variables was analyzed using multi-nominal logistic regression where odds ratios (ORs) and 95 % confidence intervals (CIs) were calculated with adjustment for potential confounders. Estimates were considered statistically significant for two-tailed values of p<0.05. All analyses were carried out using the SPSS statistical program version 20 (SPSS Inc., Chicago, IL).
Results
Between 2000 and 2010, 5,932 breast cancers were diagnosed in 5,852 (98.7 %) women (Table 1) . Of the cases, 1,762 (29.7 %) self-identified as white, 3,345 (56.4 %) selfidentified as black, and 654 (11 %) self-identified as Hispanic. The mean age was 60.8 (±14.24), while patients under 50 comprised 25.6 % of cases. Stage I breast cancer had the Fig. 1 Washington, DC geography, political structure, and demographics highest incidence at 43.9 % followed by Stage II (35.9 %), Stage III (12.5 %), and Stage IV (7.7 %). In the reported cases, breast tumors tended to be of higher grade with 40.7 % being Grade II and 33.9 % being Grade III. ER, PR, and HER2 data were available for 2,936, 2,927, and 218 cases, respectively. Approximately 75 % were ER positive, 63.5 % PR positive, and 21.1 % HER2 positive/amplified. Subtypes were determined in patients whose ER, PR, and HER2 were known. Luminal A, luminal B, HER2 overexpressing/amplified breast cancer, and triple negative tumors comprised 60.6 %, 14.7 %, 6.4 %, and 18.3 % of the cancers, respectively. For those with ER and PR data, ER or PR positive tumors made up 75.8 % of all tumors. Recurrence was present in 17.4 % of cases. For this study, we used ward as a proxy for socioeconomic status; 78.9 % of cases were found in wards 1 through 6.
When stratified by family history, differences in gender, age category, grade, PR status, and ER/PR negative status were found (Table 2) . Specifically, those reporting a family history of cancer were younger (age=59.10±14.47 vs. 61.98 ±13.33; p<0.0001) and those categorized into the <50 age group were more likely to report a family history of cancer (OR=1.27 95 % CI: 1.09-1.48; p<0.0001); compared to females, males were less likely to report a family history of cancer (OR=0.47 95 % CI: 0.26-0.88; p=0.02). Additionally, those with a family history were more likely to have higher grade tumors (Grade 2 or 3 OR=1.29 95 % CI: 1.05-1.58; p=0.02). Furthermore, family history reporters had increased incidences of PR negative tumors (OR = 1.22 95 % CI: 1.01-1.47; p=0.04) and ER/PR negative tumors (OR=1.27 95 % CI: 1.02-1.57; p=0.03). A report of family history was not associated with race/ethnicity, ER status or HER2 status (Table 2) .
Next, an analysis of only family history reported by race/ethnicity was performed to determine populations with increased incidences of hereditary features (Tables 3 and 4) (Table 3) .
Discussion
The objective of this study was to establish the relationship between self-reported family history of cancer and clinicopathological features in breast cancer patients from Washington, DC. We found that report of family history of cancer was associated with ER and PR negative breast cancer status and breast cancer diagnosis under the age of 50. A secondary aim is to determine if the characteristics were different by race/ethnicity. When tumor characteristics were compared by race/ethnicity, those who self-reported as African American with a family history had a higher frequency of ER negative tumors, PR negative tumors, grade 3 tumors, and ER/PR negative tumors. This study confirms that clinicopathological characteristics of patients reporting a family history are consistent with clinicopathological characteristics in patients with hereditary and familial cancer syndromes. It is well established that patients with BRCA1 mutation have distinct characteristics (Atchley et al. 2008; Lynch et al. 1998; Musolino et al. 2005) and BRCA1 tumors are more aggressive, have a tendency towards ER negative/PR negative, and the triple negative (estrogen receptor (ER) negative, progesterone receptor (PR) negative, and HER2/neu negative) subtype. Triple negative (TN) breast cancers have no targeted therapies available to them and have a worse survival compared with ER+ and PR+ breast cancer. Pre-menopausal African American, British black, Hispanic, and African have a higher prevalence of TN breast cancer compared to postmenopausal and Caucasian women (Bauer et al. 2007; Bowen et al. 2008; Carey et al. 2006; Olopade et al. 2003) . In fact, the TN subtype has also been shown to be the most prominent in African American women under 35 years of age (Ihemelandu et al. 2007a ). Further, in Washington, DC, African American (AA) women show increased incidences of triple negative and ER/PR negative breast cancer (data not shown) and some increased lethality from triple negative breast cancer (Ihemelandu et al. 2007a, b) compared to Caucasian women (Morris et al. 2007 ). However, the actual prevalence of hereditary or BRCA1/2 breast cancer in AAs and other ethnically diverse populations is unknown.
Still the US Preventive Services and Task Force (USPTF) recommends that women with a family history of breast cancer should be referred for genetic testing and counseling (GCT) (2005) . They determined that these women would benefit from genetic counseling that allows informed decision-making about testing and further prophylactic treatment. For example, women with BRCA1/2 genetic mutations have choices that range from prophylactic surgery to prevent breast and ovarian cancer to surveillance or watchful waiting. However, lack of awareness of family health history by patients and their providers diminishes these important opportunities for intervention. There are also several reasons for the underutilization of GCT. One issue is lack of awareness of the availability of genetic testing for cancer predisposition. For example, the results of a survey of genetic tests for cancer risk indicated that about half the US population was aware of genetic testing in the clinical setting (Wideroff et al. 2003) . On the other hand, several studies have shown disparities in awareness between Whites and AAs. This has dire implications in AAs, because our study shows that they have an increased likelihood of features related to hereditary breast cancer. In fact, AAs are less likely to report awareness of genetic testing, discuss cancer related issues with family members, and generally underestimate their risk of breast cancer (Matthews et al. 2000; Wideroff et al. 2003) .
Another reason for decreased use of GCT in minorities is access. Whites compared to Blacks in the US have more frequent access to genetic testing for predisposition to cancer (Gramling et al. 2009 ). For example, Armstrong et al. found that the odds ratio (ORs) for AAs undergoing genetic counseling was 0.22 (0.12-0.40) compared to their White counterparts (Armstrong et al. 2005) . Additionally, genetic testing is very expensive and may be inaccessible to individuals with fewer financial resources. Moreover, health insurance may not cover its use or may cover its use under very stringent conditions. As indicated by our research, these stringent conditions may not be sensitive enough to detect a significant number of individuals who may be BRCA1/2 positive in ethnically diverse populations. Therefore, the use of genetic counseling and testing (GCT) for primary cancer prevention is yet another area of medicine in which disparities occur. Another barrier to utilization of GCT lies with the referring physician. The role of the physician in identifying and referring high-risk patients for genetic counseling cannot be underestimated. Advances in the field has necessitated that healthcare providers integrate genetics into the risk assessment and management of families with cancer. However, most PCPs have little experience or training relevant to genetic testing, and many lack confidence and skill in this area of practice. Additionally, research has shown that minorityserving physicians were less likely to have ever ordered a genetic test to assess breast cancer risk (18 % vs. 29 %) compared to those serving fewer minority patients and were also less likely to have ever referred a patient for genetic testing to a genetics center or counselor (52 % vs. 64 %) (Shields et al. 2008) . Additionally, they found that physicians serving a disproportionate share of Medicaid patients were also significantly less likely to have ever referred a patient to a counselor. Notably, in the District of Columbia, Medicare and not Medicaid, covers genetic counseling and testing, leaving a large proportion of the population unable to receive access to genetic resources. This could be why physicians with patients with high socioeconomic status are more likely to make referrals for GCT.
Despite the aforementioned disparities, when presented with a list of possible advantages of cancer genetic risk assessment, AAs have repeatedly agreed with the benefits of genetic testing (Kinney et al. 2001; Matthews et al. 2000; Thompson et al. 2002) . More specifically, AAs have reported that cancer genetic risk assessment would help: (a) motivate them to perform breast self-examinations and/or mammograms more regularly; (b) inform family members about their potential risk of developing cancer; (c) improve decisionmaking regarding preventive care; (d) increase emotional reassurance; (e) possibly reduce feelings of uncertainty and increase a sense of control; and (f) contribute to finding a cure (Kinney et al. 2001; Matthews et al. 2000; Thompson et al. 2002) . These findings support the benefit of GCT awareness campaigns in communities of color like Washington, DC where the population is one of the most diverse in the Nation.
There were several limitations to the study presented herein. First, although tumor registrars systematically abstract family history data from physicians' notes, it is not known if physicians systematically collect such information. Other studies have found that while most family physicians consider family history as an important clinical tool, there are several barriers that prevent the collection of such information (Flynn et al. 2010; Wood et al. 2008; Yoon et al. 2002) . These barriers include lack of time (Burke et al. 2002; Fuller et al. 2010; Rich et al. 2004; Williams et al. 2011) ; because of lack of accurate information provided by the patient (Flynn et al. 2010; Rich et al. 2004; Suther and Goodson 2004; Williams et al. 2011; Wood et al. 2008) ; and lack of clear guidelines and recommendations for the collection and interpretation of the family history, risk assessment, and any subsequent referrals to secondary care (Fuller et al. 2010; Suther and Goodson 2004; Washington 2006; Wood et al. 2008 ). In the US, 63 % of family physicians report to know the family history of at least three quarters of their patients (Acton et al. 2000) . Lower collection rates have also been published (Daelemans et al. 2013; Flynn et al. 2010) . In a more recent study, approximately half of the surveyed physicians confirmed knowing the family history of at least 50 % of their patients (Daelemans et al. 2013) . This is consistent with the DC registry's collection of family health history in approximately 50 % of their patients.
Another limitation was that a family history of all cancers and not just breast cancer was entered into the registry. That could be the reason why the rate of those who reported a positive family history was high (∼50 %) among those who reported a positive and negative family history. In general, 30 % of breast cancer patients report a family history of breast cancer. It's important to note that the National Comprehensive Cancer Network guidelines for hereditary breast and ovarian cancer (HBOC) list additional component cancers such as fallopian tube, pancreatic, and prostate cancer. Therefore, information on other cancers should be collected although for HBOC.
Still, our study was consistent with others in that the types of tumor characteristics found in BRCA1/2 cancers were found in those self-reporting family histories of cancer. Our data shows that the tumor characteristics of familial breast cancer are more highly pronounced in African Americans compared to Caucasians and Hispanics and warrant early detection and behavioral risk reduction activities, such as collecting a family health history, which may greatly reduce late stage diagnosis and cancer mortality. Developing tailored behavioral prevention messages aimed at risk reduction, improving utilization of cancer screening, increasing the use of chemopreventive options, and surgical intervention for inherited cancers may have an additional impact on the District's cancer mortality rate.
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